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Project abstract 
 Center for Environmental Remote 
Sensing (CEReS) of Chiba 
University is developing GNSS-RO 
sensor onboard microsatellite 
(GAIA-I : 50 kg class) to observe 
the relationship of ionospheric 
phenomenon and land 
deformation (Wide area and low 
resolution). 
 CEReS collaborates with 
Indonesian Aerospace Agency 
(LAPAN) to develop circularly 
polarized synthetic aperture radar 
(CP-SAR) onboard microsatellite 
(GAIA-II : 100 kg class) to observe 
land deformation (local and high 
resolution). 
Integrated Earth Environmental Diagnosis Research 
Program  – Observation of Continental  Land 
Deformation using Microsatellites Constellation 
䕕㻌 Project Period : FY 2013 – FY 2022  
䕕㻌 Principal Investigator : Prof. Josaphat Tetuko Sri Sumantyo 
䕕   Funding : Japan Ministry of Education and Technology (MEXT) 
Expected impact 
 Scientific impact 
1䠅GNSS-RO onboard microsatellite 䠄GAIA-I䠅䠖 
 Observation of global land deformation and change of total 
electron contents 
 Observation of atmospheric temperature, water vapor, sea 
surface height, gravity etc 
 Observation of earthquake precursor and the mechanism in 
global area 
  Visualization of Ionospheric Physical Information 
2䠅CP-SAR onboard microsatellite 䠄GAIA-II䠅䠖 
 Observation using circular polarization and its study for new 
applications 
 Local observation of land deformation 
 Visualization of top land surface and land deformation 
 Community impact 
 Reduction of disaster impact by microsatellite constellation 
 Widthspread collected satellite data for international 
community 
 Reduction of disaster impact and realization of safe and 
reliable community 
 Improvement impact 
 Promoting advanced research and education on remote 
sensing field 
 Gathering academic and research institutions to collaborate 
on high technology on microsatellite, unmanned aerial 
vehicle and microwave sensors for remote sensing 
Land Deformation Monitoring 
GAIA-II 
Ionospheric Monitoring  
GAIA-I 
䠄Chiba Univ䠅 
(Chiba Univ + LAPAN) 
Global Land 
Deformation 
GPS 
Galileo 
QZS Compass 
Roadmap of Chiba University Microsatellites Mission   
Advanced Microwave Remote Sensing Research Core 
Project Promoter 
Project Total Manager 
Secretary 
Administration Support Research Core 䠍 
SAR onboard UAV, Aircraft, 
Microsatellite and its applications 
Assistant Professor 
Development of Microsatellite SAR 
Bus System 
䠄LAPAN, NSPO, 
Kyushu Univ etc䠅 
Bus system of 
microsatellite SAR 
(Power, Attitude 
control, OBC, 
TX/RX, Interface 
etc) 
SAR System 
(JRC, Microlab 
etc) 
UAV, Aircraft, 
microsatellite 
onboard SAR, Chirp 
generator, RF 
System, Antenna 
system etc 
Space Antenna 
(QPS Co., UK-
Kent Univ etc䠅 
Lighweight, Low 
cost, Space mesh 
parabolic antenna, 
deployment 
system,Feeder, 
interface 
SAR Application 
(Tokyo Univ, Purdue 
Univ etc) 
Global land 
deformation and 
environmental change 
observation using 
InSAR, DInSAR, PS-
InSAR etc 
Database 
䠄Multisoup Co., 
Monash Univ etc䠅 
Database, 
softwave for data 
delivery etc 
Research Core 䠎 
FPGA circuit, SAR imge 
processing etc 
Ground Station 
(Elm Co., Kyushu 
Univ etc) 
TX and RX of 
command, telemetry, 
mission data transfer 
of microsatellite SAR, 
interface, software 
etc 
CEReS Administration Office 
Administration Support 
Aircraft Test 
(Lapan, Universitas 
Indonesia䠅 
Flight test using 
Boeing 737-200, 
validation and 
calibration of SAR 
system etc 
UAV 
(Konkuk Univ, ITB, 
RMIT etc) 
UAV SAR flight 
test, Autonomous 
System, TX-RX, 
UAV material etc 
Env. Change 
Image Analysis and Applications 
Urban Change Volcanic Activity 
Active fault Earthquake 
Landslide 
Remote Sensing Course, 
Graduate School 
Collaborative Researcher of  Nationalwide 
Joint Usage and Research Center 
Sister Universities 
Faculty Level Collaborations 
Common User 
Government 
Domestic and 
International Industries 
Rocketͤ䠄JAXA, 
LAPAN, ISRO etc䠅 
Adjusting launcher, 
interface of 
microsatellite and 
rocket etc 
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SAR Image 
䠄JAXA, DLR, etc䠅 
providers 
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2015-2022 
Research Core 3 
Disaster monitoring using SAR 
sensor  
Research Core 4 
Land deformation and Ionospheric 
observation using GNSS 
㻳㻺㻿㻿㻌㻭㼜㼜㼘㼕㼏㼍㼠㼕㼛㼚㻌
(NCU, Chapmann 
Univ) 
Monitoring of global 
land deformation 
and electron density 
of Ionosphere using 
GNSS and its 
applications 
LAPAN-CHIBASat 
Launching ͤ
1 
H30 
~H27 
H28 
H29 
Microsatellite SAR 
Mission System : 
Microsatellite SAR 
Mission System䠖 
UAV 
SAR System 
Ground Station 
Ground Test 
Flight Test 
etc 
Bus System䠖 
Lapan 
0.4M USD 
Bus System䠖 
Lapan 
30M USD 
Chiba University 
12M USD 
Launcher  
Lapan 
15M USD 
Chiba University 
10M USD 
SAR System 
Microsatellite Ground 
Satellite 
UAV SAR Flight Test 
Boeing 737 fight test 
Ground Test 
Car SAR 
mm accuracy of InSAR 
Technology using 
Microsatellite SAR 
H31 
Microsatellite SAR 
Validation and  
Calibration 
H32 
Microsatellite SAR 
Applications  
Development 
H33 
Microsatellite SAR 
Constellation 
H34䡚
Microsatellite SAR
Constellation 
Global Land  
Deformation 
Monitoring 
KARI 
JAXA 
NSPO 
LAPAN 
LAPAN-CHIBASat 
NSPO 
LAPAN 
NSPO 
KARI 
Microsatellite SAR Constellation 
Calibration and 
validation using 
Boeing 737-200 
and UAV 
Advanced Microwave Remote 
Sensing Research Core 
2015-2022 
ͤ Registered piggy back microsatellite 
of JAXA on 5 September 2014.  
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Chiba University - LAPAN 
- Chibasat (LAPAN-A5 / 
GAIA-II) L Band SR; Polar, 
100 Kg 
2013-2017 LAPAN-
Chibasat (360 Millions 
Yen䠇LAPAN 400 
Millions Yen) 
Chiba University – Lapan, Malaysia 
Equatorial, 100 Kg 
Chiba University – 
Seoul University, Korea 
Planetary, 100 Kg 
Chiba University - LAPAN 
Equatorial,㻌 100 Kg 
Chiba Univ., Kyoto Univ., JAXA, 
Taiwan - NCU, Polar, 50 Kg 
GPS-RO onboard Microsatellite 
2010-2015 2016-2020 2021-2025 2026-2030 2031-2035 
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Land Deformation Monitoring 
GAIA-II 
Land Deformation Monitoring 
GAIA-I 
䠄Chiba University䠅 
( Chiba University + LAPAN) 
Land 
deformation 
etc 
Galileo 
QZS 
Josaphat Laboratory Ground Experimental 
Synthetic Aperture Radar onboard 
Unmanned Aerial Vehicle (JX Series)  
GAIA-II 
GAIA-II 
GAIA-I 
Chiba University 
Charter :  
Always Aim 
Higher 
Chiba University COE 
Start-up Program, MEXT 
Special Project etc. 
Roadmap of Chiba University Microsatellite Missions   
Chiba University –  
Ajou University, Korea 
NSPO, Taiwan, Polar, 100 Kg 
(EP-SAR & CP-SAR :  
Patent Pending :  
2014-214905)  
Courtesy : PlanetIQ 
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Earth Observation using the GAIA-I and GAIA-II 
ᆅẆኚື䚸㔜ຊ➼ 
GPS 
‽ኳ㡬 
⾨ᫍ 
Compass 
GAIA-II㻌  
(CP-SAR) 
Chiba Univ + Lapan 
USA䞉GPS 
EU䞉Galileo 
Japan䞉QZS 
GAIA-II 
Observation of land  
deformation  in high resolution  
using CP-SAR sensor 
 
GNSS-RO onboard microsatellite 䠄GAIA-I䠅䠖 
Indirectly observation of land deformation 
using GNSS-RO sensor 
Investigation of relationship of global land 
deformation and electrondensity change in 
ionosphere 
Mapping of Earth surface temperature, 
water vapor, sea surface wind, sea surface 
height (tsunami), gravity etc 
Investigation of earthquake precursor and 
its mechanism in wide area and low 
resolution 
50 kg class of microsatellite 
CP-SAR onboard microsatellite
㸦GAIA-II㸧㸸 
 Directly observation of land 
deformation using CP-SAR 
sensor 
 Local observation of land 
deformation and high 
resolution 
 Investigation of global land 
deformation precisely  
 100 kg class of 
microsatellite 
ULF 
Continental land deformation 
䠄Nankai through earthquake etc䠅 
Refraction in ionosphere 
䠄TEC, electron temperature, humidity etc䠅 GAIA-I 
(GNSS-RO) 
Chiba Univ 
GAIA-I 
Wide area and low resolution of  
land deformation monitoring using GNSS-RO 
EU䞉O3B 
Specification of GAIA-I and GAIA-II Microsatellites 
GAIA-I GAIA-II 
Altitude Polar Orbit, 500䡚900 km Polar Orbit, 500䡚900 km 
Mission Devices 
GNSS-RO Sensor Circular Polarized SAR 䠄CP-SAR䠅 
Electron Density – Temperature Probe 
䠄EDTP) 
Electron Density – Temperature Probe 
䠄EDTP) 
Mission Period 1  Year 1  Year 
Payload < 50 kg 100kg – 150 kg 
Power Average < 100W Average < 600W 
Altitude Control 
3 axis, accuracy 0.1㼻 3 axis, accuracy 0.1㼻 
CSS,IRU,STT,MAGS,GPSR,RWA,MTQ CSS,IRU,STT,MAGS,GPSR,RWA,MTQ 
Data rate TBD Mbps 120Mbps 
Telecommunication 
S Band 䠄TLM/CMD䠅 S Band䠄TLM/CMD䠅 
X Band 䠄Mission Data, 10 Mbps䠅 X Band 䠄Mission Data, 20 Mbps䠅 
Memory 128 (or256䠅 MBytes 10 GBytes 
Size About 500Ё500Ё500 mm䠄launch䠅 About 500Ё700Ё800 mm䠄launch䠅 
Items Details 
Basic experiment 
Scattering mechanism 
of circularly polarized 
microwave 
Scattering mechanism from vegetations, 
cryosphere, soil and rocks, desert etc 
Interferometry 
ͻ Linear vs Circular Polarization 
Interferometry SAR 
ͻ DEM extraction by CP wave 
Axial ratio image (ARI) Vegetation, geologic, cryosphere etc mapping by using ARI 
Applications 
 
 
 
 
 
Landcover mapping  
ͻ Forest – non forest area classification 
ͻ Tree height estimation 
ͻ Paddy field extraction 
ͻ Wetland extraction 
ͻ Mangrove area mapping 
ͻ Snow – ice berg detection 
Disaster monitoring Earthquake, volcano eruption, flood, forest fire etc 
Cryosphere monitoring Ice berg, glacier, artic route etc 
Ocean monitoring Oil spill, ocean wave etc 
Forest Fire                Ship Detection             Desert                        Forest             
Cryosphere                 Disaster                        Soil                               Volcano Differential Interferometric SAR 
GAIA-II : Target of CP-SAR onboard Microsatellite Mission 
Land deformation monitoring 
Circular Polarimetric SAR 
LL LR 
RL RR 
Source : Josaphat Tetuko Sri Sumantyo et al. IEEE TGRS  Vol. 50, No. 1, pp. 259 – 270, January 2012  
GAIA-II : Subsystems 
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Principle of Circularly Polarized Synthetic Aperture Radar (CP-SAR) 
(EP-SAR & CP-SAR : Patent Pending : 2014-214905)  
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3,600 
800 
Unit : mm 
850 
400 
600 
400 
Forward +X 
Top +Z 
Bottom -Z  (Earth) 
Backward -X 
Right -Y Left +Y 
GAIA-II Structure 
Bus system Module 
CP-SAR Module 
(EP-SAR & CP-SAR : Patent Pending 2014-214905)  
Paddle 800 x 850 x 5 panels x 2 wings 
Envelope 800 x 800 x 850 mm 
GPS 
‽ኳ㡬 
⾨ᫍ 
SAR Small-Satellite Outline - Satellite size 
14 
SAR Small-Sat.㻌  
(CP-SAR) 
global  observation  by  CP-SAR 
䞉 Solar paddle needs 2000䡚3000 mm [ 2 wing +  Į㻌  
䞉SAR antenna size (diameter) : 3,000䡚3,600 Æ 3,600 mm 
GAIA-II : Antenna Deploying Mechanism 
(EP-SAR & CP-SAR : Patent Pending 2014-214905)  
GAIA-II 
Backward -X Forward 
+X 
Top +Z Bottom -Z 
Left +Y 
Right -Y 
(1) Stripmap Mode 
Characteristics : 
 One type of Squint mode SAR 
  Synthetic Aperture length L is 
length of observation area. If real 
antenna beam width is large, the 
observation time to illuminate the 
area is to be longer.  
 In Spotlight SAR, the antenna beam 
is tracing to object / target when 
platform moving, therefore  
observation time to target in 
observation area is more longer, and 
long synthetic aperture antenna 
could improve the ground resolution. 
㻌 Resolution of Spotlight mode SAR 
is 
 
 
 
If       is approching to R, therefore we 
obtain 
 
 
 
 
(2) Spotlight Mode SAR 
Figure : Spotlight Mode SAR 
Observation area 
Growing of 
sea volcano 
Anak Krakatau, 
Indonesia 
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Characteristics 䠖 
 Saving the data number and power of 
SAR sensor Æ Microsatellite 
 SAR observation is repeating in constant 
period t1, then stop period t2. 
 If v(t1+t2)<L㻘㻌even the resolution is to be 
worse l/vt1 , but no blank observation 
area.  
 In Figure A : Resolution to be (t1+t2)/t2 
times 
 Burst mode SAR could be realized by 
stopping far mode of ScanSAR. 
(3) Burst Mode SAR 
Fig. Burst Mode SAR 
Platform direction 
Characteristics : 
 The condition of ocean wave in width area is approximately homogeneous. The mode 
is saving data transfer.  Common SAR observation is continuously observation with 
width about 100 km. Wave mode SAR is resampling the target area (about 5 km2)  
every 200 km ~ 300 km. Therefore the data could be reduces to 1/1,000. This mode is 
mainly for global ocean wave observation.  
Figure : Wave Mode SAR 
 
(4) Wave Mode SAR 
Distance to center of observation 
Observation width 
Wave Mode SAR area 
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Josaphat Laboratory (JMRSL) Satellite Ground Station (JG1):  
                                                                S Band : Command TX & Telemetry RX
X Band : Mission Data RX 
Telecommunication Systems (Spacecraft side) 
䕔 Frequency is employing S band and X band as below. 
㻌 㻌 㻌 䕿 SatelliteĺEarth䠖 Telemetry S Band䠖㻌 㻌 㻌 㻌  Transmitter  2,200䡚2,300 MHz 
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌          Mission Data X Band:      Receiver   8,025䡚8,400MHz 
㻌 㻌 㻌 䕿 EarthĺSatellite䠖 Command S Band Receiver   2,025䡚2,120 MHz 
䕔S Band Receiver (Command Signal Receiver and Demodulator) 
㻌 㻌 㻌 䞉Command Modulator :  FSK 
㻌 㻌 㻌 䞉Data rate䠖㻌 㻌 㻌 㻌   9,600bps 
㻌 㻌 㻌 䞉Dynamic range䠖㻌  -105䡚50dBm 
㻌 㻌 㻌 䞉Bit error rate䠖㻌 㻌 㻌  <1x10-5 
㻌 㻌 㻌 䞉Output signal type :㻌 㻌   RS422 
䕔S Band Transmitter (Telemetry Signal Modulator + Transmitter) 
㻌 㻌 㻌 䞉Command Modulator:  FSK 
㻌 㻌 㻌 䞉Data rate:   38.4kbps 
       䞉Output power:  >1.5W  (satisfy PFD : Power Flux Density) 
㻌 㻌 㻌 䞉Bit rate error:  <1x10-5 
㻌 㻌 㻌 䞉Input signal type: RS422 
䕔X Band Transmitter (X Band Mission Data Processing)㻌  
㻌 㻌 㻌 䞉Command Modulator:  QPSK 
㻌 㻌 㻌 䞉Data rate:   20Mbps 
㻌 㻌 㻌 䞉Output Power:  >1W (Satisfy the PFD) 
㻌 㻌 㻌 䞉Bit error rate:   <1x10-6 
㻌 㻌 㻌 䞉Input Signal Type: RS422 
Josaphat Laboratory Satellite Ground Station (JG-1)  
Orbit Josaphat Laboratory (JMRSL) 
Center for Environmental Remote Sensing (CEReS) 
Chiba University (JG-1) 
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Measurement of patch array antenna for CP-SAR UAV 
system in Josaphat Laboratory anechoic chamber 
 Transmission frequency range : 1270 MHz  r 25 MHz (max 150 MHz) 
 Baseband range : DC to 50 MHz (max 150 MHz) 
 Pulse transmission output power : 50 W (Pulse width 10 ms (max), Duty circle 2% (max)) 
 Transmission system gain : + 47 dB (min) 
 Receiver system gain : + 60 dB (min) 
 Gain flatness :  r 1.5 dB (max) 
 Receiver noise ratio : 3.5 dB (max) @+25oC 
 Modulator : (RX and TX) QPSK 
 Output higher harmonic wave : -30 dBc (max) 
 Output spurious : -60 dBc (max) 
 Transmission system gain tuning function : 1/2/3/8/16 dB (0 to -31 dB) 
 Receiver system gain tuning function : 1/2/3/8/16 dB x 2 (0 to -62 dB) 
 Impedance : 50 W 
 Transmission system output VSWR : 1.5 : 1 (typ.) 
 Receiver system input VSWR : 1.5 : 1 (typ) 
 Transmission system antenna switching speed : 1Ps (typ.) / 2 ms (max) 
 Receiver system antenna switching speed : 1Ps (typ.) / 2 Ps (max) 
 Transmission system On/Off speed : 100 ns (max) 
 Receiver system On/Off speed : 100 ns (max) 
 Power voltage :  DC +28 V  (DC +25 to + 35 V switchable) 
 Current consumption : 5A (max) 
 Temperature : +0oC to 45oC 
 Saving temperature : -20oC to 80oC 
 RF connector : SMA-Female 
 Power connector : N/MS3102A10SL-3P 
 Control connector : D-Sub-37P 
 Weight : 10 kg (max) 
 Size : W 250mm x H 100mm x D 300mm 
 
 
CP-SAR RF System Module : Specification for Unmanned Aerial Vehicle  
L Band CP-SAR System developed by Josaphat 
Laboratory for UAV 
Chirp Pulse Generator + RF System for UAV & Microsatellite 
150 MHz 
Pulse train 
CP-SAR sensor development in clean room of Josaphat Laboratory 
In-phase Quadrature 
Attenuator  
80 dB 
100n delay line 
RF System 
Chirp generator 
Output  
47 dBm 
Experiment of CP-SAR system in clean room of Josaphat Laboratory, Chiba University, Japan 
CP-SAR RF System Module (Up-Down Converter & HPA) 
TX 
RX 
10 MHz      1270 MHz 
RF System 
Signal Generator & 
Processor 
Josaphat Laboratory’s researchers and students preparing CP-
SAR sensor for UAV, Fujikawa Airfield, 29 August 2013 (above) 
 
Installed CP-SAR sensor inside UAV  JX-1 (below). 
RX Input ; 0dBm  
Pulse Width ; 10ʅSec  
Pulse Period ; 500ʅSec  
Duty ; 2%  
  
  
 
 
 
 
  
Horizontal ; 2ʅSec / Div.  
Vertical ; 100mV / Div.  
Calibration System : Ground Test / Point Target / Spaceborne Antenna 
Compatible SAR antenna panels 
for UAV and ground test 
measurement & calibration 
Horn antenna for calibration 
Azimuth Moving Accuracy : 0.1 mm 
(Near Field to Far Field) 
Chirp Pulse Generator + RF System for UAV & Microsatellite 
150 MHz 
Pulse train 
CP-SAR sensor development in clean room of Josaphat Laboratory 
In-phase Quadrature 
Attenuator  
80 dB 
100n delay line 
RF System 
Chirp generator 
Output  
47 dBm 
*URXQGWHVWDQGFDOLEUDWLRQXVLQJ&RUQHUUHIOHFWRU
&%DQG
6$56\VWHP
ಯ6KDUS(\HVರ
Point target 
Point target test 
Specifications for CP-SAR 
30 
Radar wavelength 23.62 cm (1.27 GHz) 
Baseband bandwidth 150 MHz 
Polarization Circular, full polarized 
Modes of operation Stripmap 
Spatial resolution 1 m (azimuth), 1 m(range) 
Ground swath width 150 m – 1200 m 
Incidence angles 30 deg 
Target types Distributed targets with Vo between 0 dB and 
30 dB 
Minimum radar cross section 30 dB 
Operating platform Unmanned Aerial Vehicle (UAV) 
Operating altitude 500 m –1500 m 
Platform speed 30 m/s 
Payload < 25 kg 
Dimension of sensor 30 cm x 50 cm x 25 cm 
Dimension of antenna 0.7 m x 0.2 m x 4 panels  
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31 
Car onboard SAR System   
Collaborator : Multimedia University (MMU) 
Place : Malaka 
32 
Corner Reflector (CR) 
Complex A 
Complex B 
Car onboard SAR System   
33 
Corner Reflector (CR) 
Complex A 
Complex B 
Car onboard SAR System   
㻌 㻌 㻌 㻌 䝬䝹䝏䝞䞁䝗䝭䝑䝅䝵䞁㻌
㻌 㻌㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌
Roadmap of Chiba University Unmanned Aerial Vehicle (UAV)㻌 㻌  
2010-2015 2016-2020 2021-2025 2026-2030 2031-2035 
Large  UAV JX-1 
Large UAV JX-2 
Mini UAV JX-3 
Small UAV JX-4 
㻌 㻌 㻌 㻌 㻌 㻌 㻌 L Band SAR  㻌 㻌 C/X Band SAR mmW Band SAR   㻌 㻌 㻌 Multiband SAR Mission 
Research and Human Resources Development on Fixed Wing  
Large Scale Unmanned Aerial Vehicle (UAV) 
Long range & wide coverage 
Long range & wide coverage 
Medium range & coverage 
Short range & small coverage 
Medium  
      Resolution 
Low  
      Resolution 
High 
      Resolution 
Multi 
      Resolution 
Development of Josaphat Laboratory 
Ground Experimental Large Scale 
Unmanned Aerial Vehicle (UAV) JX Series 
Development of L band UAV-SAR 
Payload :  25 kg 
Multimedia University, Malaysia(MMU) 
Indonesian Aerospace Agency (LAPAN) etc 
Payload :  10 kg 
Multimedia University, Malaysia(MMU) 
Indonesian Aerospace Agency (LAPAN) etc 
Payload :  5 kg 
Multimedia University, Malaysia(MMU) 
Indonesian Aerospace Agency (LAPAN) etc 
Payload :  25 kg 
Multimedia University, Malaysia(MMU) 
Indonesian Aerospace Agency (LAPAN) etc 
JX-1 Taxing Test at Otone Airport 
Items Weight 
Main body (including battery, 
tank etc) 
48.0 
Centre / main wing 1 unit 16.0 
Wing (2 unit x @ 10 kg) 20.0 
Ladder (2 unit x @ 7 kg) 14.0 
Other instrument (bow etc) 7.5 
Gasoline (20 liters) 16.0 
Payload (CP-SAR, camera etc) 25.0 
Total  146.5 
Weight of JX-1 Parts 
IMU : IMU440 76 x 95 x 64 mm 540 gr 
Josaphat Laboratory Experimental Unmanned Aerial Vehicle (JX-1) 
Parameters Specification 
Altitude  
Central frequency (CP-SAR sensor) 
Pulse width 
Pulse bandwidth 
Polarizations 
Off nadir angle  
Resolution 
Observation width 
Antenna size 
Azimuth beamwidth 
Range beamwidth 
Antenna efficiency 
PRF 
Peak power 
Average power 
Observation time  
Payload 
1 䡚 4 km 
1.27 GHz 
3.9 䡚 23.87 Ps 
50 MHz (16 䡚 245.89 MHz) 
RHCP+LHCP 
40q  䡚 60q 
1 䡚 10 m 
10 km 
0.75 m x 0.4 m x 4 panels 
7.94q 
29.78q 
80% 
1,000 Hz 
5.27 䡚 17.46 W 
20.59 䡚 416.62 mW 
2.81 䡚31.70 minutes 
25 kg 
Patch array antenna for CP-SAR system at Josaphat 
Laboratory Anechoic Chamber (Azimuth pattern) (Range pattern) 
First Flight, Fujikawa Airfield, 7 June 2012 
After successful First Flight of Josaphat Laboratory Unmanned 
Aerial Vehicle (JX-1) at Fujikawa Airport on 7 June 2012 
Josaphat Laboratory Experimental Unmanned Aerial Vehicle (JX-1) 
Detail Parts 
Youtube : Josaphat UAV (Insert keywords) 
Preparation of flight test at Fujikawa Airfield, 29 August 2013 
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Josaphat Laboratory Experimental Unmanned Aerial Vehicle (JX-1) 
Bird Eye View : JX-1 
RF-System 
Chirp Pulse Generator 
Josaphat Tetuko Sri Sumantyo, Chapter 
12. Circularly Polarized Synthetic 
Aperture Radar onboard Unmanned 
Aerial Vehicle (CP-SAR UAV), Kenzo 
Nonami et al. edn., Autonomous Control 
Systems and Vehicles, Springer, 
December 2012.  
Hyperspectral camera 
JX-1 
Josaphat Laboratory Experimental Unmanned Aerial Vehicle (JX-2) 
㻷㼛㼙㼜㼍㼟㻌㻺㼑㼣㼟㼜㼍㼜㼑㼞㻘㻌㻝㻡㻌㻭㼡㼓㼡㼟㼠㻌㻞㻜㻝㻡 
Boeing 737-200 Airborne SAR Flight Test : January – March 2016 
C and X Band CP-SAR System 
antenna radome 
antenna 
Boeing 737-200 
(Chiba University, JRC, Lapan, UI, Ubara, 
TNI-AU, Bhimasena etc) 
㻻㼟㼏㼕㼘㼘㼍㼠㼛㼞㻌
㼃㼛㼞㼗㻌㻿㼠㼍㼠㼕㼛㼚㻌
㻿㻿㻰㻌
㻾㼄㻜㻌
㻾㼄㻝㻌
㼀㼄㻜㻌
㼀㼄㻝㻌
㻹㻱㻹㻌 㻰㻭㻯㻌㻭㻰㻯㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㼀㼄㻕㻌
㻡㻚㻟㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㼀㼄㻕㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㻾㼄㻕㻌
㻡㻚㻟㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㻾㼄㻕㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻭㼚㼠㼑㼚㼚㼍㻌
C and X Band CP-SAR System for Aircraft 
㼄㻌㻮㼍㼚㼐㻌㻭㼚㼠㼑㼚㼚㼍㻌
㻯㻌㻮㼍㼚㼐㻌㻭㼚㼠㼑㼚㼚㼍㻌
㻼㼛㼣㼑㼞㻌
㻭㻯㻛㻰㻯㻌㻯㼛㼚㼢㻚㻌
㻿㼕㼓㼚㼍㼘㻌㻼㼞㼛㼏㼑㼟㼟㼕㼚㼓㻌
㻌
㻌
㻌
㻌
㼃㼛㼞㼗㻌㻿㼠㼍㼠㼕㼛㼚㻌
㻌
㻌
㻌
㻿㼛㼒㼠㼣㼍㼞㼑㻌
䞉㻿㻭㻾㻌
䞉㻳㼁㻵㻌
㻿㼕㼓㼚㼍㼘㻌㻼㼞㼛㼏㼑㼟㼟㼕㼚㼓㻌
㻌
㻌
㻌
㻌
㻿㼛㼒㼠㼣㼍㼞㼑㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㼀㼄㻕㻌
㻌㻿㼛㼒㼠㼣㼍㼞㼑㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻔㼀㼄㻝㻕㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㼀㼄㻕㻌
㻌 㻿㼛㼒㼠㼣㼍㼞㼑㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻔㼀㼄㻞㻕㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㻾㼄㻕㻌
㻌㻿㼛㼒㼠㼣㼍㼞㼑㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻔㻾㼄㻝㻕㻌
㻥㻚㻠㻳㻌㻾㻲㻌㼁㼚㼕㼠㻌㻔㻾㼄㻕㻌
㻌㻿㼛㼒㼠㼣㼍㼞㼑㻌
㻭㼚㼠㼑㼚㼚㼍㻌
㻔㻾㼄㻞㻕㻌
㻼㼛㼣㼑㼞㻌
㻭㻯㻛㻰㻯㻌㻯㼛㼚㼢㻚㻌 㻻㼟㼏㼕㼘㼘㼍㼠㼛㼞㻌
㻴㼡㼎㻌
㻔㻸㻭㻺㻕㻌
㻲㻼㻳㻭㻌
㻾㼀㻸㻌
㻼㼛㼣㼑㼞㻌
㻰㻯㻛㻭㻯㻌㻵㼚㼢㻚㻌
㻮㼍㼠㼠㼑㼞㼥㻌
㻹㼛㼡㼚㼠㼕㼚㼓㻌㼎㼞㼍㼏㼗㼑㼠㻌㻒㻌㼏㼍㼎㼘㼑㼟㻌
㻭㻰㻯㻌
㻰㻭㻯㻌
㻭㻰㻯㻌
㻰㻭㻯㻌
C and X Band CP-SAR System for Aircraft 
58
ᾏᓊ⥺ 
⇕ᖏ᳃ᯘ䞉 
ἾⅣᆅ 㒔ᕷᇦ 
άⅆᒣ ᾏᗏⅆᒣ 
⇕ᖏ᳃ᯘ 
ᆅ┙ỿୗ ㎰ᴗᆅᇦ 
᳃ᯘⅆ⅏ 
ᾏᓊ⥺ 
ᓥ䚻 
㟈⅏ᆅ 
㟈⅏ᆅ 
㒔ᕷᇦ ᓥ䚻䞉ᾏ㠃 
ᾏ㠃 
ᾏ㠃 
⇕ᖏ᳃ᯘ 
ᒣ⬦ 
ᓥ䚻䞉ᾏ㠃 
ᾏᓊ⥺ 
ά᩿ᒙ 
ጞⅬ 
#䠍᪥┠ 
#䠎᪥┠ 
#䠏᪥┠ #䠐᪥┠ 
#䠑᪥┠ 
#䠒᪥┠ 
#䠓᪥┠ 
Illegal fishing, oceanic surveillance, earthquake, volcano, forest fire, 
subsidence, active fault, sedimentation etc 
C & X Band CP-SAR System for Aircraft : Flight Test (January – March 2016) 
Plan : 2016 – 2020  Twice Flight Test / year 
29 July 1997 SPOT HRV  
29 July 1997 JERS-1 SAR 
J.T. Sri Sumantyo, Ryutaro Tateishi, and N. Takeuchi, “Estimation of burnt coal seam thickness 
in central Borneo using a JERS-1 SAR image,” International Journal of Remote Sensing, Vol. 24, 
No. 4, pp. 879 - 884, February 2003 
Fig. 1. Estimation of burnt coal seam 
JERS 1 SAR 19 961118 19970809 
  +5.9cm 5.9 
-5.9      0    
+5.9cm 
 
ALOS PALSAR 20080117 - 20081204   
0   +5.9cm   - 5.9   
J.T. Sri Sumantyo, Masanobu Shimada, Pierre 
Phillipe Mathieu, and Hasanuddin Zainal Abidin, 
“Long term continuously DInSAR technique for 
volume change estimation of subsidence,“  IEEE 
Trans. Geoscience and Remote Sensing,㻌 Vol. 50, 
No. 1, pp. 259 – 270, January 2012  (SICE award)  
Applications of SAR Images 
Workshop & Tutorial on SAR Image 
Processing including Basic SAR Image 
processing, InSAR, DInSAR, PS-InSAR etc. 
Book Publications (SAR, UAV, 
Antennas, Propagation etc) 
0 
-128 
Land deformation 
velocity (mm) 
ANALYSIS OF LAND DEFORMATION VELOCITY USING PSI ALOS 
PALSAR : IMPACT OF COASTAL SEDIMENTATION TO  
FUTURE JAKARTA GIANT SEA WALL AND WATERFRONT CITY 
Picture source : http://www.kuiper.nl 
Josaphat Tetuko Sri Sumantyo1, Bambang Setiadi1, Daniele Perissin2, 
Shimada Masanobu3, Pierre-Philippe Mathieu4 and Minoru Urai5 
㻌
1 Center for Environmental Remote Sensing, Chiba University, Japan, 2 School of Civil Engineering, Purdue University, United 
States, 3 Earth Observation Research Center, Japan Aerospace Exploration Agency, Japan, 4 Earth Observation Science & 
Applications, European Space Agency, Italy, 5 Advanced Industrial Science and Technology, Japan 
㻌
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Analysis Result : Volume Loss (m3/year) 
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Volume loss in each watershed using 
ALOS PALSAR images  
 
 
Volume loss in watersheds of W03, W04, 
W05, W10, and W11 
 
 
Volume loss of sedimentation material 
does not occurred in W07-W09, therefore 
the land deformation in these watersheds 
does not influence to Jakarta Giant Sea 
Wall. 
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Jakarta strait 
Application (1)  : Monitoring of Mount Merapi Eruption 
Terra ASTER images of Mount Merapi eruption 
(November 15, 2010) and before (July 7, 2009) 
47 
Mt. Merapi Mt. Merapi 
Yogyakarta Yogyakarta 
Muntilan Muntilan 
Boyolali Boyolali 
(a) July 7, 2009 (b) November 15, 2010 
Pyroclastic flow (sand, rock, ash) 
Volcanic ash (black) 
Volcanic plume 
Interferogram of ALOS PALSAR pairs 
48 
(a) A1 pair : Slave September 16, 2010 – Master November 1, 
2010 
 (b) A2 pair : Slave March 16, 2010 – Master December 17, 2010 
-5.9   0   5.9 cm 
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(a) Slave 16 September 2010 – Master 1 November 2010 (FBD) 
 
(b) Slave 16 March 2010 – Master 17 December 2010 (FBS) 
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Application (3) : Monitoring of  Subsidence of  Bandung City 
50 
Josaphat Tetuko Sri Sumantyo, 
Masanobu Shimada, Pierre Peter 
Mathieu, and Hasanuddin Zainal 
Abidin , “Long-term Consecutive 
DInSAR for Volume Change 
Estimation of Land Deformation,” 
IEEE Transactions on Geoscience 
and Remote Sensing, Vol. 50, No. 
1, pp. 259 – 270, January 2012 
(New Jersey : IEEE) ISSN 0196-
2892 
PS-InSAR : Subsidence of Bandung City 
ALOS PALSAR 2007 - 2011 
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Application (4) : PS-InSAR : Subsidence of Jakarta Megacity 
Analyzed by Prof. Josaphat Tetuko Sri Sumantyo 
Center for Environmental Remote Sensing 
Chiba University, Japan 
ALOS PALSAR 2007 - 2011 
Malay Peninsula Landslide Monitoring using 
Small UAV : Cameroon Highland 
Cameroon Highland ground campaign with Malaysian Government JGR, 
Universiti Sains Malaysia, and JICA on 20 September 2014  
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Study Site : Landslide at Simpang Pulai – Cameron 
Highland Road 
Reference : 11 February 2011 
Landslide (The Star, 26 August 
2011) 
 
ALOS PALSAR :  
10 February 2007 to 
21 February 2011 
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Lake site 
Application (8) East-West Highway : Lake Site 
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Summary 
Josaphat Laboratory (JMRSL), Chiba University runs 
Integrated Earth Environmental Diagnosis Research 
Program and Advance Microwave Remote Sensing 
Research Center to develop Circularly Polarized Synthetic 
Aperture Radar (CP-SAR) system for microsatellite, 
Aircraft, UAV, Car and Ground platforms 
Future Research 
Flight test of CP-SAR onboard aircraft and UAV at 
Indonesia in January – March 2015 
Thank you for your attention ! 
Fujikawa Airfield, 29 August 2013 UTC 06:09:54.521 
Contact Person : 
Prof. Josaphat Tetuko Sri Sumantyo, Ph.D 
Josaphat Microwave Remote Sensing Laboratory (JMRSL) 
Center for Environmental Remote Sensing, Chiba University 
1-33, Yayoi-cho, Inage-ku, Chiba-shi 263-8522 Japan 
Telp. +81(0)43-290-3840  Fax +81(0)43-290-3857 
Email jtetukoss@faculty.chiba-u.jp 
Website  http://www2.cr.chiba-u.jp/jmrsl/  Josaphat Laboratory Satellite Ground 
station 
JX-1 
JX-2 
61
